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minimally invasiveComparisons between mini-midvastus (mMV) and mini-medial parapatellar approach (mMPP) for total knee
arthroplasty (TKA) have reported variable results. We compared two approaches with minimum two year
follow up. Forty consecutive patients who underwent staged bilateral TKAwere prospectively randomized for
mMPP approach in one knee and mMV approach in the other. Clinical parameters (muscle strength, pain,
ROM, Knee Society Score) and surgic.l parameters (duration of surgery, blood loss, lateral releases) were
assessed at 2, 6, 12 weeks and 6, 12, 24 months postoperatively. Clinical outcomes revealed inconsistent
pattern of differences at various intervals. Surgical outcomes were not different. There were no major
differences in outcomes between the two approaches. We recommend someone use surgical approach with
which they are most familiar.
© 2014 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license.Total knee arthroplasty (TKA) has been successful in relieving pain
and restoring function in patients with advanced arthritis of the knee
joint. Increased focus on earlier recovery and decreased post-
operative pain has improved overall satisfaction. However, there is
still a gap between the clinical scores in objective surveys and patient
satisfaction, with approximately one in ﬁve primary TKA patients
being not satisﬁed with the outcomes [1].
The anterior medial parapatellar approach (MPP) has been the
traditional approach for TKA. The midvastus (MV) approach had
lessened the injury to the quadriceps and resulted in the postoper-
ative outcomes improvements [2–4]. Modiﬁcations to instruments
and surgical methods have allowed for smaller incisions. Minimally
invasive surgical techniques (MIS) have the potential to decrease the
time to return of function, blood loss, and post-operative pain.
The comparisons between mini midvastus (mMV) and standard
medial parapatellar (SMPP) approaches are well documented,
however the direct comparisons between mMV versus mini medial
parapatellar (mMPP) approach are uncommon [5–7].edics.
s article can be found at http://
eekin Institute for Orthopedic
, FL 32204.
by Elsevier Inc.Open access under CCThe purpose of this study was to compare the mini-midvastus
(mMV) to the mini-medial parapatellar (mMPP) approach using
clinical and surgical parameters with a two year minimum follow up.Materials and Methods
Forty consecutive patients who underwent bilateral minimally
invasive TKA staged one week apart were prospectively randomized
to receive the mMPP in one knee and mMV approach in the other
knee. The patients were blinded as to which knee received either
approach owing to the fact that skin incisions were indistinguishable.
All patients received Stryker Triathlon posterior stabilized compo-
nents. This IRB-approved (St. Vincent’s Medical Center, Jacksonville,
FL) study was performed under standardized surgical protocol by a
single surgeon, same anesthetic technique (general anesthesia
supplemented by regional nerve block) and postoperative rehabilita-
tion that remained constant throughout the investigation. Of these
forty patients, twenty six were male and fourteen were female, the
mean age was 65 years and the mean BMI was 31. The demographic
data are presented in Table 1.
The exclusion criteria were: a prior high tibial osteotomy, cruciate
ligament reconstruction or patellectomy of the surgical knee, being
N60% over ideal body weight for frame and height, having a deformity
at the involved knee greater than 45° of ﬂexion, 45° of varus, or 45° of
valgus, a history of infection in or around the knee joint, a diagnosed
systemic disease that would affect the outcome measurements, a
neurological deﬁcit, a sensitivity to device materials, a prior diagnosis BY-NC-ND license.
Table 1
Demographic Data.
Total
N 40
Female 14
Male 26
Mean Age 65.13 (6.49)
Mean BMI 30.98 (5.44)
Table 3
Cybex 60° ft/lb.
Midvastus Medial Parapatellar
Pre-Op 65.75 (32.91) 70.90 (37.00)
6 Weeks 48.45 (21.58) 38.76 (10.47)a
3 Months 56.47 (23.40) 60.30 (28.93)
6 Months 70.14 (30.46) 69.11 (28.57)
1 Year 72.66 (29.32) 76.74 (26.55)
2 Years 78.10 (34.43) 83.10 (34.92)a
a Indicates statistically signiﬁcant difference.
340 R.D. Heekin, A.A. Fokin / The Journal of Arthroplasty 29 (2014) 339–342of diabetic or peripheral neuropathy in operative extremity or other
neurologic disease affecting limb strength, or a bone stock that is
compromised by disease or infection, which could not provide
adequate support and/or ﬁxation for the prosthesis.
The measured clinical parameters included muscle strength as
determined by Cybex testing, visual analog pain scale (VAS), range of
motion (ROM), and the Knee Society Score (KSS). The measured
surgical parameters included tourniquet time, estimated blood loss,
and number of lateral releases. Outcomes were assessed preopera-
tively and postoperatively at 2 weeks, 6 weeks, 12 weeks, 6 months,
12 months and 2 years. A minimum two year follow-up was required
to be included in the study.Surgical Technique
All skin incisions were less than 13 cm, along the mid-third of the
patella. MIS technique was used regardless of the approach. Standard
MIS instrumentation was used with intramedullary alignment for the
femoral component and extramedullary alignment for the tibial
component. For the mMV approach vastus medialis obliquus (VMO)
dissection did not exceed 3 cm from the patellar margin. In the mMPP
approach, superiorly extension into quadriceps tendon did not exceed
3 cm. This surgical techniquemeets all prerequisites tobe in compliance
withmMVandmMPP requirements [4,8]. Therewas nopatella eversion
in any group. The criterion for a lateral release were based on visual
conﬁrmation of patellar subluxation or tilting during passive ROM (0°–
110°) with ﬁnal components implanted and tourniquet deﬂated. For
each procedure, total tourniquet time was recorded.
Physical therapy was initiated post-operatively on the day of
surgery. Isometric strength of the quadriceps was measured with the
Cybex 350 dynamometer preoperatively and postoperatively at
follow-up visits at 6 weeks, 3 months, 6 months, 1, and 2 years.
Peak torque at 30° and 60° of ﬂexion on each extremity was measured
using the technique described by Dalury et al [2]. The best of 3
attempts was recorded.Table 2
Perioperative Data.
Midvastus Medial Parapatellar P Value
Release 0.2310
Partial 0 (0.0%) 2 (5.0%)
Retinacular
Extensive 0 (0.0%) 4 (10%)
Retinacular
IT Band 2 (5.0% 3 (7.5%)
MCL 3 (7.5%) 1 (2.5%)
PCL 39 (97.5%) 39 (97.5%)
LCL 1 (2.5%) 1 (2.5%)
Estimated Blood Loss (ml) 0.3794
100 11 (27.5%) 10 (25.0%)
125 0 (0.0%) 2 (5.0%)
150 24 (60.0%) 25 (62.5%)
200 4 (10.0%) 1 (2.5%)
250 1 (2.5%) 2 (5.0%)
Mean Incision Length (cm) 11.24 (1.33) 11.35 (1.12) 0.6837
Mean Skin to Skin Time (min) 89.58 (14.07) 90.05 (16.75) 0.8917
Mean Length of Stay (h) 89.62 (38.87) 83.50 (23.18) 0.4432Statistical Analysis
Patients were randomly assigned with respect to the side of the
knee surgery, to the two consequent procedures. Subsequently, the
data were treated as “paired” for analysis. All continuous variables
were assessed for the assumption of normal distribution using
standard tests. Categorical variables are reported as frequencies and
percents, and continuous variables as means and standard deviations.
All analyses were conducted using MS-Excel for data cleaning and
organization, and the SAS System, Version 9.0, (SAS Institute, Cary,
NC) for statistical analysis. A paired t-test was used for all
comparisons except estimated blood loss and releases where Fisher’s
exact test was used.
Results
There were no signiﬁcant differences between Right and Left side
measurements preoperatively for ROM or quadriceps strength.
The perioperative data showed no statistically signiﬁcant differ-
ences for estimated blood loss, incision length, duration of surgery or
length of hospital stay. The mMPP group showed a trend toward
higher incidence of lateral retinacular release but this was not
signiﬁcant (P = 0.231). All of the patients in both groups underwent
a posterior cruciate ligament (PCL) excision as posterior stabilized
implants were used in all patients. The average estimated blood loss
was 150 ml. The average incision length was 11.30 cm. The average
skin to skin time was around 90 min. The average length of stay was
about 86 h. The perioperative data are displayed in Table 2.
The clinical outcomes were statistically signiﬁcant for decreased
Cybex 60° strength testing (Table 3) at 6 weeks for the mMPP group
(P = 0.04), increased Cybex 30° strength testing (Table 4) at
3 months for the mMPP group (P = 0.04), no statistically signiﬁcant
differences at 6 months and one year, and again increased Cybex 60°
strength testing at 2 years post-operatively for the mMPP approach
(P = 0.04).
There were no statistically signiﬁcant differences for the KSS
(Table 5), ROM extension (Table 6) and ROM ﬂexion (Table 7).
Discussion
The use of various surgical approaches in TKA has been pursued in
order to improve outcomes and expedite return of function [9,10].
One such development is theMV approach that was popularized sinceTable 4
Cybex 30° ft/lb.
Midvastus Medial Parapatellar
Pre-Op 43.88 (19.90) 47.35 (20.24)
6 Weeks 36.15 (12.17) 38.76 (10.47)
3 Months 38.66 (17.27) 42.80 (15.94)a
6 Months 48.43 (19.56) 45.64 (21.33)
1 Year 48.59 (16.99) 50.10 (18.82)
2 Years 54.03 (23.04) 56.28 (23.97)
a Indicates statistically signiﬁcant difference.
Table 5
Knee Society Scores.
Midvastus Medial Parapatellar
Pre-Op 56.13 (8.93) 54.95 (7.51)
6 Weeks 86.81 (12.55) 86.49 (12.69)
3 Months 91.64 (11.26) 91.49 (11.23)
6 Months 94.49 (8.32) 95.34 (6.66)
1 Year 98.17 (2.53) 96.66 (6.31)
2 Years 99.03 (1.92) 98.70 (2.32)
Table 7
ROM Flexion Degrees.
Midvastus Medial Parapatellar
Pre-Op 125.10 (10.67) 125.40 (9.74)
6 Weeks 121.74 (10.33) 121.21 (9.35)
3 Months 127.00 (8.89) 127.87 (8.60)
6 Months 129.66 (6.92) 128.49 (6.84)
1 Year 131.66 (6.07) 130.63 (5.41)
2 Years 129.83 (6.96) 129.93 (7.22)
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years [2,4,8,11]. The potential advantages of theMV approach (such as
faster return of muscle strength, reduced pain, early progress of ROM,
etc.) have ledmany surgeons to believe that this approachmay lead to
better patient outcomes than the SMPP. Several early prospective
studies have conﬁrmed some of these assertions [2,3].
In a study by Dalury et al [2], 24 patients underwent bilateral TKA.
Each patient received the MV approach in one knee and the SMPP
approach in the opposite knee. The measured parameters included
tourniquet times, ROM at capsular closure, Hemovac drainage, VAS,
time to straight leg raising (SLR), ROM at hospital discharge, and ROM
at 6 and 12 weeks postoperatively. The results showed that the MV
approach was associated with less pain and allowed for an earlier
return to function. This approach permitted signiﬁcantly greater
quadriceps strength at 6 weeks and an earlier return of SLR. Also, out
of the 24 patients in this study, 19 stated that they preferred the MV
approach over the MPP approach. No major complications were
associated with either approach.
In the White et al [3] study, 109 patients underwent bilateral TKA.
Each patient received the MV muscle-splitting approach in one knee
and the MPP approach in the opposite knee. The measured
parameters included difﬁculty of exposure, surgical time, incidence
of lateral retinacular release, and total blood loss. Pain, ROM, SLR, and
complications were also compared at 8 days, 6 weeks and 6 months.
The patients who had the MV approach required fewer lateral
retinacular releases, had less pain at 8 days and at 6 weeks, and had
a higher SLR at 8 days. All clinical parameters were, however, equal at
six months.
In the Bathis et al [12] study, 50 patients received a TKA either by
an MPP or an MV approach [12]. Pain, quadriceps strength, and
proprioception were evaluated at 3 weeks and 6 weeks postopera-
tively. Patients in theMV group demonstrated signiﬁcantly lower pain
at rest and with movement, superior isometric quadriceps strength at
3 weeks and 6 weeks, and superior postoperative proprioception.
Maestro et al [13] reported 42 patients who underwent a TKA,
either by means of an SMPP approach or by an MV approach [13].
Many of the measured parameters such as blood loss, operation time,
biochemistry values and radiographic evaluation were the same
regardless of the surgical approach. However, the patients in the SMPP
group had a signiﬁcantly higher number of lateral releases, loss of
knee extension, and reduced ROM.
Other comparisons, however, had shown very limited beneﬁts, if
any, of MV approach related to overall function, muscle strength, pain
levels, etc. [5,11].Table 6
ROM Extension Degrees.
Midvastus Medial Parapatellar
Pre-Op 5.40 (7.44) 3.60 (6.00)a
6 Weeks 0.10 (0.45) 0.10 (0.45)
3 Months 0.59 (2.97) 0.18 (0.85)
6 Months 0.14 (0.85) 0.14 (0.85)
1 Year 0.09 (0.51) 0.29 (1.69)
2 Years 0.00 (0.00) 0.17 (0.91)
a Indicates statistically signiﬁcant difference.Engh et al [11] reported the results of 118 patients who underwent
TKA either with an MPP or an MVmuscle-splitting approach [11]. The
measured parameters included the frequency of lateral retinacular
releases, patellar tilt and translation, and quadriceps strength. A
signiﬁcant difference in lateral releases was not observed. Also, all
measurements for patellar stability and quadriceps strength were
equivalent, regardless of the approach.
Nestor et al [5] reviewed ﬁndings in 54 patients who underwent
bilateral TKA. Each patient received the mMV approach in one knee
and SMPP approach in the opposite knee. The measured parameters
included ROM, VAS, side-preference, gait analysis, and strength
testing. Authors did show that the mMV approach led to early
advantage in quadriceps strength at 3 weeks, but there were no
differences by 6 weeks.
Guy SP et al [14] compared outcomes of mMV and SMPP
approaches in prospective randomized trial of 80 patients with TKA
and did not detect statistically signiﬁcant difference in clinical
outcomes measures or radiographic analysis.
A randomized prospective study of 89 patients reported by Zhang
[7] did not reveal a signiﬁcant difference in blood loss, VAS score, SLR,
ROM or radiographic ﬁndings between mMV and mMPP, even at the
early postoperative intervals (up to 6 months) with only signiﬁcant
increase of tourniquet time in mMV group.
The recently published meta-analysis of comparisons between
minimally invasive approaches and SMPP approach did not show
differences in the length of hospital stay; however, mMV resulted in
the better ROM and SLR test in the early postoperative intervals [15].
Several authors expressed concerns that MIS techniques while
bringing only short term improvements may result in component
malalignment (especially tibial component) due to decreased expo-
sure and also require longer learning curve of up to 200 surgeries
[16,17].
With regard to the efﬁcacy of minimally invasive approaches, a
critical review of 23 studies comparing several minimally invasive
approaches to each other and to the SMPP revealed signiﬁcant
improvement only in the recovery of quadriceps muscle function in
minimally invasive group. There were no signiﬁcant differences in
perioperative factors, clinical or radiographic outcomes, survivorship,
or complication rates [6].
The latest development in comparative orthopaedic studies is the
introduction of the new methodology and the addition of the muscle
damage biomarkers assessment (e.g. serum levels of creatine kinase
and interleukin-6) as true objective measurements as opposed to
putatively objective tests (e.g. gait speed, length of stay) and
subjective measurements (e.g. patient satisfaction or pain). It was
found that mMV has no superiority over SMPP and can even cause
more muscle damage [18].
Our study did not ﬁnd a consistent pattern of statistically
signiﬁcant differences by approach. Contributing factors to this
equivalence may have been due to certain similarities in technique
and an ultimately standardized protocol implemented by single
surgeon. This surgeon has used both approaches extensively in his
practice. Also, regardless of the surgical approach, all of these
procedures were guided by minimally invasive techniques. No
complications arose as a result of either approach. The tendency
towards higher incidence of lateral retinacular releases (not
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study is in agreement with previous observations [11,13].
With the improvements in surgical technique, instrumentation,
clariﬁcation of indications, delineation of exclusion criteria, and
advancements in implants designs, the follow up results are
increasing in similarity in the overall good objective outcomes of
TKA after either approach. We believe that minimally invasive
procedures are an important contributing factor in the improved
outcomes with both techniques.
In retrospect, comparative studies have migrated from midvastus
versus standard medial parapatellar to mini midvastus versus
standard medial parapatellar and later into mini midvastus versus
mini medial parapatellar comparisons with more detailed descrip-
tions of the surgical approaches.
The scrutinizing investigations addressed a wide variety of the
parameters such as muscle strength, range of motion, knee scores,
length of incision, duration of surgery, blood loss, frequency of
retinacular releases, tourniquet time, strait-leg raise test, length of
hospital stay, implant components alignment, patella baja, patients
satisfaction, etc. The observations were performed under different
short and long term postoperative intervals and under ultimately
standardized conditions. The range of the studies encompasses
reports from single surgeons to meta-analysis and from cadaveric
studies to the analyses of biomarkers. The latter trend is bringing the
new methodology and shifting the attention from the putatively
objective measurements to the ultimately objective quantitative
parameters such as biomarkers of muscle damage and inﬂammation.
May be there is little left to extract from the continuation of traditional
meticulous comparisons and debates which approach is better. The
early wide deviations of the outcomes pendulum are logically coming
to equilibrium. Perhaps the time is ripe to focus the attention on
clariﬁcation of more speciﬁc and strict indications and contraindica-
tions for each approach (for example degree of ﬂexion, angle of
valgus/varus deformity, etc) and relate it to the implant design and
more individualized patient characteristics and demands in order to
improve patients satisfaction.
Evidently, more precise deﬁnitions of approaches are needed to
meet standardized classiﬁcation criteria in order to increase the
accuracy of comparative assessments of the outcomes in the future.
Wealso suggest adoptingmore standard abbreviation for each approach
and had found that an addition of low case m for “mini” in front of the
traditional capital letters in abbreviations for approaches helps to
distinguish easier their delineation in the texts. The same logicwas used
to add capital S to the standard/traditional/conventional medial
parapatellar approach abbreviation (e.g. mMV vs. SMPP). The society
of orthopaedic surgeons will ultimately decide these issues.The mini midvastus approach showed no improved outcomes
when compared to the mini medial parapatellar approach in a
randomized prospective single blinded consecutive series of bilateral
staged TKA. We recommend surgeons use the approach with which
they are more experienced and that is more indicated for the
particular patient characteristics and demands.References
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